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INTRODUCTION 
When researchers found they cduld measure the visually 
evoked response, one of the first areas they studied was binoc-
ularity. Harter, Seiple and Salmonl showed that when binocular 
vision was disrupted by presenting conflicting views to the 
two eyes, the amplitude of the VER declined. This discovery 
was theoretically important. It demonstrated that the two images 
were integrated at the visual cortex. 
The discovery has possible clinical application as well. 
A convenient way to break fusion is to induce diplopia with 
Risley prisms. If the diplopic responses of normal subjects 
are consistently and substantially lower than their binocular 
responses, the comparison would be a useful test of binocularity. 
That possibility is investigated in the experiment described here. 
Conditions other than diplopia are also studied. Each 
subject's VER is measured through amounts of prism that allow 
fusion. Since increased effort is required to maintain single 
vision, the VER might be expected to increase. 
Some individuals perceive a blur when tested with base out 
prism, because accommodative convergence is used to retain fusion. 
In these cases a decline in the VER would be anticipated, since 
blur created with plus lenses reduces the evoked potential. 
METHODS 
equipment 
A system of amplifiers and a digital computer made an en-
semble average of 40 individual samples of activity. Each sample 
period was 384 ms long. VER components were extracted using a 
2 
fast Fourier transform algorithm. The relative power of the 
16 Hz component was taken as a measure of the VER. (The rel?-
tive power is dependent upon the amplitude of the B wave, also 
called the P2 component.) The system has been described more 
completely by Van Brocklin and Yolton.2 
stimulus 
The stimulus was a black and white checkerboard pattern 
displayed on a video monitor. The angular subtense of the screen 
was 290 arc min by 230 arc min. Each check subtended 15 arc min. 
4 
The VER is maximal with a 10 to 20 arc min stumulus.3 Perhaps 
this is because cortical· cell receptor fields are of approximately 
that size. 4 The checks alternated from black to white and vice 
versa at a rate of 8 Hz. This frequency was chosen because 
it is outside the 9 to 13 Hz alpha band. 
subjects 
To insure .that all subjects had normal, binocular vision, 
they were tested with the American Optical near point vecto-
graphic circles. Any subjects with stereoacuity of less than 
30 arc sec were rejected. Stereopsis, as an indicator of binoc-
ular summation, is described by Lema and Blake. 5 Subjects wore 
habitual corrections that gave each eye at least 20/20 acuity. 
Eleven subjects between the ages of 23 and 31 were selected. 
The mean age was 27. 
proriedure 
Base in and base out ranges were measured as each subject 
viewed the checkerboard pattern. The base in range was tested 
first because a preset of base in prism does not affect the 
base out findings as much as a base out preset biases base in 
3 
trials. 
Electrodes were attached to the earlobes and to the scalp 
at a point 2 em above the inion. VERs were recorded until the 
relative power peaked. (Typically it took 5 to 10 minutes 
for readings to stop increasing.) The evoked potential was 
then recorded under the following conditions: zero prism, 
prism equal to one third of the base in range, prism equal to 
two thirds of the base in range, prism causing base in diplopia, 
zero prism, prism equal to one third of the base out range, 
prism equal to two thirds of the base out range, prism causing 
base out diplopia and zero prism. Three measures of the VER 
were recorded for each condition. 
Actual measurement of the VER was not begun until the sub-
ject had been watching the screen for about 20 seconds. This 
allowed the evoked potential to stabilize. Subjects were 
instructed to close their eyes between trials. For each condition 
subjects described the checkerboard pattern as clear and single, 
single but blurred or double. In cases where the subject's 
) 
perception changed during a trial, the findings were disregarded. 
RESULTS 
A comparison between the diplopia and the binocular (zero 
prism) conditions using a one way analysis of variance for repeated 
measures, showed a significant difference at a probability level 
of better than .001. The VERs of all subjects decreased when 
they were made diplopic. The average decline was approximately 
40%. The range was from 65% to 24%. 
Binocular VERs, with and without prism, were not significantly 
different. 
4 
VERs corresponding with the subjects' reports of blur, were 
compared to the zero prism responses for those subjects. A 
t-test revealed no significance. 
Variation within the zero prism condition was also con-
sidered. The subject with the le'ast variance, had a range of 
8%. The subject with the most variance had a range of 32%. 
DISCUSSION 
Although statistics for the group showed th~ difference 
in the diplopic and binocular VERs to be significant at the 
.001 level, the test is not always useful in the individual 
case. For 6 of 11 subjects, the difference in the two conditions 
is between 24% and 38%. The same individuals had-differ-
ences of 8% to 32% for the three binocular (zero prism) trials. 
Since both the variability and the reduction during diplopia 
are of similar magnitude, the results are ambiguous. 
In the remaining 5 cases, the decline of the response 
during.diplopia was 40% or more. For thes~ subjects, the amount 
of binocular summation is outside of the range of variability. 
For the two subjects who reported SILO the VERs were not 
affected. This is because the retinal subtense of the checker-
board is constant even though the apparent size is much reduced. 
There is not much possibility that this experiment could 
be used a~ an objective duction test. Since either blur or 
diplopia can cause the VER to fall by 40%, the clinician cannot 
be sure which is occurring. However, if only the zero prism 
and diplopic conditions are tested, and if the VERs differ by 
40% or more, the subject has demonstrated binocularity. 
subject diplopia 2/3 range 1/3 range zero prism 1/3 range 2/3 range 
base in base in base in base out base out 
BC 33 81 100 91 87 87 
JC 35 100 99 90 94 83s 
RR 73 83 80 94 81-1 89 
BH 60 84 79 88 93 100 
SG 34 91 84 83 95 100B 
JD 30 95 82 91 92 79 
RH 54 92 97 96 71 59B 
CP 58 85 89 90 74 62 
JW 76 97 80 77 100 74B 
m1 50 84 81 86 77 59B 
AB 34 70 100 82 45 67s 
' 
average 48 87 85 82 83 74 
responses 
Each subject's VERs are represented as percentages of his highest response for all conditions. 
The last row is th~ average response for each condition. A superscript of B indicates the 
subject reported blur. A superscript of S indicates a report of SILO. 
diplopia 
base out 
21 
50 
38 
47 
65 
22 
44 
45 
30 
54 
45 
41 
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